Abstract. -In Tb/Co multilayers, the saturation magnetization M, and the anisotropy constant K,, as a function of the modulation period are fitted by a mean-field model and a dipolar interaction model respectively. The Kerr rotation angles Bk relax at room temperature, which could be attributed to the existence of shear stress due to lattice mismatch at the interface.
Introduction
In recent years, the properties of the compositionally modulated films have been widely investigated. A known fact is that a perpendicular anisotropy appears in some such multilayers. This vertical magnetization is, in general, attributed t o the action of the interface. However, the reason is not clear yet.
In the present paper, the magnetic anisotropy and Ok relaxation in TbjCo multilayer will be discussed.
Experimental
By means of substrate rotation, the compositionally modulated Tb/Co films were sputtered on watercooled and ambient temperature (non-water-cooled) glass substrates. The thickness of the individual Co or Tb layers was chosen t o be equal, that is, the modulation period is 2d. Prior to sputtering, the vacuum chamber was evacuated to 3 x T o r . Ar gas pressure was held constant at 4 x Torr. The diameter of the targets is 65 mm.
Results
The X-ray diffraction patterns for the water-cooled substrate TbjCo confirm that these samples basically possess the artificial superlattice structure. However, any appreciable diffraction peaks on the small' angle range have not been found for the films with the ambient T substrates. 
Discussion
1. The magnetization Ms in amorphous RE-TM films could be described by a mean-field model (1). The total magnetization M, is expressed as here N is the total number of atoms per unit volume, x is concentration of a sublattice 1 and S1, S2 are the average spin of the two sublattices. However, the atomic arrangements in multilayers are periodic. If we calculate the magnetization in Tb/Co by the mean-field model, we must integrate M, (x) for the different concentration x in Tbl-,Cox along the z direction in the bilayer. If the magnetization of each bilayer is Msb, then the total magnetization M, = nM,b. Here n is the number of the total bilayers. In the fitting procedure, we calculate M, for d = 0.3 nm (x = 0.76) to be fitted to its experimental M, at first, then, M, as a function of the concentration x is determined. Thereafter, the distribution of Co concentrations is adjusted dong the z direction (for the simplicity) in the bilayers of Tb/Co until the above-mentioned M. summations made for each d fit the experimental curve of Ms as the function of d. This fitting gives the distribution of Co concentration in each Silaver as shown in the insert of figure 2. According to this distribution, the average Co concentration 2 versus d is given in the right-hand insert of figure 1 and it has the form 2 = cl exp (c2d) with cl = 0.75, c2 = 0.0074. The final fits of M, and the magnetizations of the sublattices are indicated in figure 2 by the solid lines. The fitting parameters are Sco = 1, ST^ = 5.1, J 1 1 = (82 -2.8) x 10-l4 erg, J 1 2 = -1 x 10-l5 erg, Jz2 = 1 x 10-l6 erg.
2. We discuss the origin of the magnetic anisotropy Ku in Tb/Co within the framework of the dipolar interaction model (2) . Ku possesses the form P in the equation (2) is a measure of the alignment of the unlike nearest-neighbor atom pairs (2) . Obviously in Tb/Co multilayers, the mean value P in the bilayer decreases with the increase of the modulation period, but Z is increasing as given by the above fitting procedure. As a result, we suppose that P should be related to 2 in the Ku fitting process for Tb/Co.
Taking ~/ N D -~ (the packing fraction) = 0.7, Z = 12 and substituting MI, M2, xl and 2 2 for each d to the equation 2, the fitted K , for the ambient T substrate are denoted by the solid line in figure 1. It could be seen that the agreement is quite good. The parameter P us. d is given in the upper insert of figure 1.
It is clear from this plot that P dereases rapidly with increasing d. Because P (not average here) at the interface is always large, we conclude that the perpendicular anisotropy arises mainly from the interface.
3. From the above discussion, it can be seen that the magnetic properties are closely related to the atom arrangement and/or orientation is space. For the differences between two temperature substrates, we could attribute it to the same reason. In the water-cooled substrate Tb/Co, the atom arrangements are much more regular, that is, relatively perfect in periodicity, consequently, the P parameter describing the unlike atoms along the z direction should be larger for the water-cooled substrate than that of ambient one with the same d because of the thermal diffusion. Therefore, K , for the water-cooled substrate is naturally larger.
The Kerr effect is related to the material properties and determined by EX,, the off-diagonal part of the complex dielectric tensor: It is believed that EX, is dependent on the state of the substance as well as on its structure and chemical composition. Therefore, that $k is different for Tb/Co with different T substrate may be true because their structure, local chemical composition or stress are different. After relaxation, these difference may gradually disappear, then their $k values are not much different, which is indicated in the lower insert of figure 1.
We suppose that the existence of the mismatch between two sublattices seems to be responsible for the structural relaxation that exists through atomic thermal diffusion. Because this mismatch appears at the interface, we call this relaxation interface relaxation.
